Although child mortality has declined substantially since 1990, it remains a global health challenge, especially in resource-constrained settings.[@R1] About 17 000 children die every day, the majority in sub-Saharan Africa and southern Asia.[@R1] Socioeconomic status is central to a child's survival because it affects several relevant maternal and environmental factors, nutritional status and risk of injury.[@R2] The leading causes of mortality among those younger than five years are diarrhoea, low birth weight, prematurity, neonatal infections and respiratory infections.[@R1]

In 2013, 2% of global mortality among children younger than five years was attributed to human immunodeficiency virus (HIV) infection in the child.[@R3] However, the successful roll-out of programmes for the prevention of mother-to-child transmission of HIV has led to fewer infants and children becoming infected with the virus each year.[@R4] Attention is turning to the health and survival of the large numbers of children born to HIV-infected mothers who are themselves not infected with the virus. Compared with children born to HIV-uninfected mothers, such children still appear to show increased mortality.[@R5]^,^[@R6] This may be associated with suboptimal infant feeding, which may be an adverse effect of attempts to prevent mother-to-child transmission and/or a consequence of maternal death or illness or other factors associated with the mother's HIV infection.[@R5]^,^[@R7]^--^[@R12] In one review, which examined the effect of parental death on child survival in all settings, maternal death was found to significantly increase the risk of death in childhood and, especially, death in infancy.[@R13] However, this review did not stratify the children's levels of survival by parental HIV status, even though this may be an important confounder.

To help elucidate the association between maternal death and the risk of mortality in HIV-uninfected children born to HIV-infected women, we conducted this systematic review. Our aim was to compare, in so-called general populations, the risk of death among children who were motherless as a result of maternal mortality to that of other children. We failed to identify any prior systematic reviews on this topic. Our hope was that the results of our review would help to determine whether the increased mortality reported among children following the deaths of their HIV-infected mothers can be entirely attributed to HIV or might be at least partially attributable to loss of maternal care.

Methods
=======

We conducted a systematic review based on a Population, Intervention, Comparison and Outcome framework.[@R14] Our aim was to investigate whether, in populations not affected by HIV, maternal death increased mortality among children younger than five years. Our review included both experimental and observational studies -- i.e. cohort, cross-sectional, longitudinal and randomized controlled studies -- in which the study participants were mothers and children younger than five years from so-called general populations. Death and illness of the mother were considered as separate exposures. The primary outcome was death in children younger than five years. The time interval between the maternal death and the corresponding child death was a secondary outcome measure. We excluded studies that specifically recruited mothers living with HIV, studies that did not provide estimates of mortality for children younger than five years and studies that focused on pregnancy-related maternal deaths or HIV-infected children.

We searched the CINAHL, Delphis, Medline, PubMed and Web of Knowledge databases and the website of the International Union for the Scientific Study of Population's 2013 conference[@R15] for potentially relevant articles that were published, in English, between 1 January 1990 and 30 November 2016 ([Box 1](#B1){ref-type="boxed-text"}). The reference lists of articles that were considered relevant -- by both authors involved in this stage of the study (LC and MLN) -- were also searched. Four of the seven articles included in the qualitative analysis were also included in the meta-analysis.

###### Database search strategy to find studies on mortality among children younger than five years

Titles and abstracts of articles published in English were searched for the following terms: (((((((((("maternal mortality"\[All Fields\] OR "maternal death"\[All Fields\]) OR "maternal survival"\[All Fields\]) OR (("mothers"\[MeSH Terms\] OR "mothers"\[All Fields\] OR "maternal"\[All Fields\]) AND vital\[All Fields\] AND status\[All Fields\])) OR "mother\* death"\[All Fields\]) OR "mother\* survival"\[All Fields\]) OR "parental death"\[All Fields\]) OR "parental survival"\[All Fields\]) OR "parent\'s death"\[All Fields\]) OR (parent\'s\[All Fields\] AND ("mortality"\[Subheading\] OR "mortality"\[All Fields\] OR "survival"\[All Fields\] OR "survival"\[MeSH Terms\]))) AND ((("child mortality"\[All Fields\] OR "under-five mortality"\[All Fields\]) OR "child death"\[All Fields\]) OR "infant death"\[All Fields\]) OR "infant survival"\[All Fields\]) OR "child survival"\[All Fields\] NOT ("hiv"\[MeSH Terms\] OR "hiv"\[All Fields\]) AND ("1990/01/01"\[PDAT\]: "2016/11/30"\[PDAT\])

To evaluate the quality of the included studies, we used a Cochrane tool for assessing risk of bias.[@R16] In the development of the review and in the preparation of the final manuscript, we were guided by the AMSTAR tool.[@R17]

Statistical analysis
--------------------

Data on maternal and child deaths in publications were captured and summarized using version 5.3 of the Review Manager software package.[@R18] For each of the studies included in the analysis, odds ratios (OR) and standard errors were either extracted from the published reports or computed from the raw data. Studies with a similar measure of effect, study design and children's age groups were pooled. Random-effects analysis models[@R19] were used to obtain summary estimates of the children's odds of dying and the corresponding 95% confidence intervals (CI). These results were used to produce a forest plot. Heterogeneity was assessed using the *I^2^* statistic and values of this statistic between 50% and 90% were considered indicative of considerable heterogeneity.[@R20] We conducted a sensitivity analysis by assessing each study's contribution to the heterogeneity score and made a decision to include or exclude a study dependent on its contribution to the heterogeneity score and its risk of bias. A narrative qualitative analysis was adopted for the relevant studies that could not be summarized through a meta-analysis. The quality of the body of evidence was assessed using the Grading of Recommendations Assessment, Development and Evaluation criteria and summarized in evidence profiles.[@R21] The small number of studies included in our review meant that it was not appropriate to use funnel plots to explore the potential for publication bias.[@R22] However, since the deaths of mothers and children occur naturally, we considered the potential for such bias to be small.

Ethics statement
----------------

The study was exempted from ethics review as all the data used had already been published.

Results
=======

The search of databases identified 3060 potentially relevant articles and an additional 19 such articles were identified from secondary bibliographical searches ([Fig. 1](#F1){ref-type="fig"}). In the review of abstracts, the same 22 articles were deemed potentially eligible for inclusion in the systematic review by each of the two authors involved. Subsequently, 15 of these 22 articles were excluded ([Fig. 1](#F1){ref-type="fig"}). We considered all seven studies included in the review to be observational: four reported data from demographic surveillance sites,[@R23]^--^[@R26] two reported population or civil registration data[@R27]^,^[@R28] and one, which provided data from a randomized control study,[@R29] was not randomized for our outcome of interest ([Table 1](#T1){ref-type="table"}). Three of the seven studies were considered ineligible for the meta-analysis ([Fig. 1](#F1){ref-type="fig"}).[@R27]^--^[@R29] Data extracted from the seven studies included in the review and information on background maternal and child mortality rates obtained from the World Health Organization's (WHO's) Global Health Observatory website[@R30] are available from the corresponding author.
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###### Summary of the seven studies included in the systematic review of under-five mortality according to maternal survival status

  ---------------------------------------------------------------------------------------------------------------------------------------------
  Publication                         Study                            Included in\                                                       
                                                                       meta-analysis                                                      
  ----------------------------------- -------------------------------- --------------- --------------- ---------------------------------- -----
  Sear et al.[@R27]                   Birth and death registers        1950--1974      Gambia          2294 children aged 0--5 years      No

  Katz et al.[@R29]                   Randomized controlled trial^a^   1994--1997      Nepal           15 469 infants aged 4--24 weeks    No

  Reher and González-Quiñones[@R28]   Birth and death registers        1870--1950      Spain           20 895 children aged 0--5 years    No

  Becher et al.[@R26]                 Cohort                           1992--1999      Burkina Faso    10 122 children aged 0--5 years    Yes

  Masmas et al.[@R23]                 Cohort                           1990--1997      Guinea-Bissau   1127 children aged 0--5 years      Yes

  Ronsmans et al.[@R24]               Cohort                           1982--2005      Bangladesh      136 368 children aged 0--5 years   Yes

  Clark et al.[@R25]                  Cohort                           1994--2008      South Africa    4584 children aged 0--5 years      Yes
  ---------------------------------------------------------------------------------------------------------------------------------------------

^a^ Participants were randomized to receive or not to receive a nutritional supplement. They were not randomized according to maternal survival.

The quality of the relevant evidence provided by all seven studies included in our systematic review was initially categorized as low because of the studies' observational design. The quality of evidence provided by two of the studies[@R27]^,^[@R28] was subsequently downgraded to very low because data from the birth and death registers used may have missed children that were not registered or those that died before they could be registered (available from the corresponding author). All seven studies were considered to have a medium risk of bias because they could not be considered comparable to a well-performed randomized trial ([Table 2](#T2){ref-type="table"}). No studies could be assessed in terms of the selection of participants, departures from intended interventions or missing data -- mainly because death of mother could not be treated as if it were an intervention.

###### Assessment of risk of bias in studies on mortality among children younger than five years

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                               Confounding   Selection of\       Measurement\       Departures from intended\   Missing\   Measurement\   Selection of the reported results   Overall
                                                    participants\       of interventions   interventions^a^            data^a^    outcomes                                           
                                                    into the study^a^                                                                                                                
  ----------------------------------- ------------- ------------------- ------------------ --------------------------- ---------- -------------- ----------------------------------- -------------
  Sear et al.[@R27]                   Medium risk   N/A                 Low risk           N/A                         N/A        Low risk       Low risk                            Medium risk

  Katz et al.[@R29]                   Medium risk   N/A                 Low risk           N/A                         N/A        Low risk       Low risk                            Medium risk

  Reher and González-Quiñones[@R28]   Medium risk   N/A                 Low risk           N/A                         N/A        Low risk       Low risk                            Medium risk

  Becher et al.[@R26]                 Medium risk   N/A                 Low risk           N/A                         N/A        Low risk       Low risk                            Medium risk

  Masmas et al.[@R23]                 Medium risk   N/A                 Low risk           N/A                         N/A        Low risk       Low risk                            Medium risk

  Ronsmans et al.[@R24]               Medium risk   N/A                 Low risk           N/A                         N/A        Low risk       Low risk                            Medium risk

  Clark et al.[@R25]                  Medium risk   N/A                 Low risk           N/A                         N/A        Low risk       Low risk                            Medium risk
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

N/A: not applicable.

^a^ The risk of bias assessment with respect to "Selection of participants," "Departures from intended interventions" and "Missing data" were not relevant to this study due to death of mother not being a typical intervention undertaken by nonrandomized studies.

Note: Risk of bias was assessed using the ROBINS--I tool.[@R16]

Mortality of children
---------------------

### According to maternal survival

Due to differences in the ages of the children studied, measures of effect and study design, only four studies could be included in the pooled analysis of the odds of dying for children younger than five years.[@R23]^--^[@R26] The results of the meta-analysis are presented in [Fig. 2](#F2){ref-type="fig"}.
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For children whose mothers had died, the overall risk of dying before they reached an age of five years was more than four times higher than the corresponding risk for children whose mothers survived (OR: 4.09; 95% CI: 2.40--6.98). However, there was considerable statistical heterogeneity (*I^2^*: 83%) between the four studies included in the meta-analysis. In our sensitivity analysis, we found that removal of one study[@R24] from the meta-analysis reduced heterogeneity considerably (*I^2^* = 26%) and reduced the corresponding OR -- for the death of motherless children before an age of five years, compared with that of other children -- to 3.16 (95% CI: 2.27--4.38). However, since there was no difference in the risk of bias across the four studies, we decided to leave data from all four in the final meta-analysis.

It was not possible to undertake a meta-analysis according to the age group of the children involved -- e.g. of children younger than six months, younger than one year, one to two years and two to four years -- because of the small number and the differences in study design of the eligible studies. However, individual study estimates of the age-related risks of mortality are presented in [Table 3](#T3){ref-type="table"}.

###### Age-related odds of dying for young children whose mother had died -- compared with other children in the same age groups

  Child's age    Publication                         Country        OR (95% CI)
  -------------- ----------------------------------- -------------- -----------------------
  \< 6 months    Katz et al.[@R29]                   Nepal          51.68 (20.26--131.80)
  \< 6 months    Reher and González-Quiñones[@R28]   Spain          4.39 (3.34--5.78)
  \< 6 months    Ronsmans et al.[@R24]               Bangladesh     36.23 (24.97--52.58)
  6--11 months   Reher and González-Quiñones[@R28]   Spain          2.27 (1.56--3.29)
  \< 1 year      Sear et al.[@R27]                   Gambia         6.17 (2.27--16.77)
  \< 1 year      Ronsmans et al.[@R24]               Bangladesh     33.78 (24.21--47.14)
  1--2 years     Sear et al.[@R27]                   Gambia         5.21 (1.58--17.21)
  2--4 years     Sear et al.[@R27]                   Gambia         1.40 (0.47,4.21)
  2--4 years     Becher et al.[@R26]                 Burkina Faso   2.92 (1.21,7.04)

CI: confidence interval; OR: odds ratio.

### According to timing of maternal death

The association between risk of child death and timing of maternal death was addressed in only two of the seven studies.[@R23]^,^[@R25] Narrative synthesis of these two studies indicated that the risk of the child dying was increased nearer to the timing of the mother's death.

Data from a rural South African demographic surveillance site, collected between 1994 and 2008, have been analysed, with the OR for child mortality adjusted for potentially confounding characteristics of the children and mothers. The results indicated that the probability of a child dying started to increase six to eleven months before the child's mother's death and increased markedly during the two months immediately before the month of the mother's death (adjusted odds ratio, aOR: 7.1; 95% CI: 3.7--12.7).[@R25] The odds of child death were highest in the month of the mother's death (aOR: 12.6; 95% CI: 6.2--25.3).[@R25]

Similar findings were reported from Guinea-Bissau.[@R23] In urban Guinea-Bissau, the mortality rate ratio for children whose mothers had died -- compared with children whose mothers were still alive -- was estimated to be 3.09 (95% CI: 1.27--7.49) over the period from the death of the mother to five months later. If the child was still alive six months after the maternal death, then the child's subsequent mortality risks were not significantly different from those of children whose mothers remained alive. In rural areas of Guinea-Bissau, the mortality rate ratios over the period from the death of the mother to five months later and from six months after the maternal death were 5.93 (95% CI: 3.44--10.26) and 2.56 (95% CI: 1.29--5.09), respectively.[@R23]

Discussion
==========

We found only seven papers suitable for inclusion in our systematic review and only four of these were considered eligible for meta-analysis. All of the latter demonstrated that children younger than five years were at an increased risk of death after their mothers died.[@R23]^--^[@R26] Although this pattern was also reflected in the narrative analysis of age-related child mortality, the corresponding pooled estimates could not be made because of the differences in study design.[@R24]^,^[@R26]^--^[@R29] Mortality risks were especially increased for motherless infants younger than six months. The increased likelihood of a child dying, as an apparent consequence of maternal death, was statistically significant among children aged between one and two years but not for children aged between two and four years. Results from two studies strongly indicated that children were more likely to die around the time of a maternal death[@R23]^,^[@R25] than six or more months after the mother's death.

The increased risk of death we observed for children left motherless in the first six months of their lives may reflect the particular vulnerability of infants[@R31] and explain why maternal sickness in the first six months postpartum may have such serious consequences.[@R32] Mothers who are ill may not be able to provide adequate care for their children -- e.g. they may be unable to provide optimal breastfeeding -- and this may jeopardize the children's health and nutritional status.[@R32]^--^[@R35] Premature weaning, which is associated with higher mortality rates, especially for younger infants, may occur.[@R7]^,^[@R23]^,^[@R33]^,^[@R36] In settings where infant survival is highly dependent on continued breastfeeding, the loss of a father may not increase the risk of a child dying to the same extent as the loss of the mother.[@R37]^,^[@R38] Even though adoption and remarriage may protect children left motherless as a result of maternal mortality, the quality of care received by such children may be lower than the care they would have otherwise received from their biological mothers.[@R31]^,^[@R39]^--^[@R41]

Although access restrictions prevented us from searching Embase, we believe that our careful search of the CINAHL, Delphis, PubMed and Web of Knowledge databases, our follow-up of the reference lists from potentially relevant articles and our scrutiny of abstracts from a large, international and relevant conference means that we are unlikely to have missed any important publications.

The considerable variation in child mortality risks observed across the studies we reviewed could reflect differences in background infant and child mortality rates related to demographic, environmental and/or socioeconomic factors and/or differences in the health and social support systems available. The quality of data may also have been variable. Civil registration data in developing countries are often incomplete and may not capture deaths as well as data from demographic surveillance sites. Similarly, historical data -- e.g. data from church death registers in developed countries -- are likely to have missed pre-baptism deaths. Differences in the methodological approaches followed may also account for some differences in the estimated risks. For example, Sear et al.[@R27] used multilevel modelling to obtain the median odds of dying within Gambian households while other studies modelled the odds of dying at the individual level. The quality of the data in our included studies also ranged from low to very low. Despite the variations between the studies we investigated, the estimates of increased risk following maternal death were consistent and all in the same direction -- even if, in some settings, the small sample sizes may have prevented statistical significance being reached.

In conclusion, between birth and an age of five years, children in so-called general populations who are left motherless as a result of maternal mortality are more likely to die than other children. The vulnerability of these children is highest in infancy, especially in the first six months of life. If the care and nutrition of motherless young children can be targeted by their communities and national health systems, the survival of such children could be improved.
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